ABSTRACT. The rectal temperature obtained using a standard electronic thermometer was compared with ear, back skin, tail skin, and sole skin temperatures obtained using an infrared thermometer in B6C3F1 mice. Using both methods, we investigated baseline temperatu res, diurnal and 2-week variations in temperatures, and ethanol-induced hypothermia in these body locations. Ear and back temperatures were shown to be close to and consistent with rectal temperatures in various situations, and measured temperatures at these sites were almost constant, with very similar diurnal variation. Conversely, tail and sole temperatures were lower and much more variable. These results indicate that ear and back skin temperatures obtained using a convenient and non-invasive infrared thermometer are as reliable, and should be safer and less stressful to animal subjects, compared to standard rectal temperature measurements. KEY WORDS: body temperature, infrared thermometry, mouse.
The body temperatures of laboratory mice are commonly measured with rectal thermometers. This method may be an uncomfortable and stressful procedure [1] , and repeated insertion of rectal temperature probes can cause mucosal tears, leading to septicemia and death [2] . The body temperature, however, still must be estimated during time-consuming toxicological studies, and a less intrusive method would be preferable. Recently, in human medicine, small instruments, of the noninvasive type, became available for easily and rapidly measuring the body temperature via the infrared radiation from the tympanic membrane [6] . The infrared tympanic thermometer was developed primarily to measure core body temperature in the ear canal, but it has also proved useful for measuring skin temperature [5, 9] . This paper describes the usefulness of using an infrared thermometer for measurement of ear and back skin temperatures and compares the temperatures of the rectum, ear (tympanic membrane and external auditory meatus), back skin and other parts of the body in mice.
The experiments were performed using 7-week-old conscious B6C3F1 mice weighing 20-22 g (male) and 17-19 g (female) from Charles River Japan, Inc. The animal room was air-conditioned at 23 ± 2°C, a relative humidity of 45% to 65%, and with a 13 hr fluorescent lighting period (08:00-21:00). Mice were housed 3 per cage in a suspended cages (width: 25 cm, depth: 42 cm, height: 22 cm) with a stainlesssteel front grating and mesh floor, and aluminum covers on both sides and the back with food and water provided ad lib, and were acclimated to these conditions for seven days prior to the experiment. After mid-dorsal fur areas (2 cm in diameter) of the animals were shaved by electric clippers, the animals were acclimated to handling, in the same manner as for body temperature measurement, twice a day for at least three days prior to experiment. Measurement sites were shaved in the same manner once a week.
An electric thermometer (Termo-Finer ® CTM-303; Termo Corporation; Tokyo) was used for measuring rectal temperature. The rectal temperature measurement procedure took about one minute per mouse. Each mouse was removed from its cage and held manually on a table in order to insert a thermocouple 3 cm into the colon. The rectal probe was lubricated with glycerol prior to each insertion into the rectum. While the mouse was immobilized for rectal temperature measurement, a Thermoscan ® thermometer (PRO-1; BRAUN-JAPAN K.K.; Tokyo) was either inserted into the auditory meatus or contacted with the body surface of back, tail and foot sole for about one second at each site. Rectal temperature was read on a digital thermometer recorded, and the animal was replaced in its home cage.
Baseline body temperature data were collected in sixty males and sixty females between 9:00 to 10:00 a.m. The diurnal variation from 06:00 to 22:00, and 2-week variation of body temperature at 10:00 a.m., were compared, with respect to each body site in six female mice. The changes in body temperature were also studied after ethanol treatment with in six female mice. All mice were injected i.p. with ethanol (20% w/v in saline) at a dose level of 4 g/kg at 10:00 a.m.
Correlation was confirmed between rectal and ear, back skin, tail skin, and sole skin temperatures.
Experiment 1: Baseline rectal and various body site temperatures (Table 1) The rectal temperatures were higher than those of the ear and back skin temperatures in males and females. The temperatures of the tail skin were lower, and the lowest were Mean ± SD (n=60).
those of the sole skin of the foot. Sole skin showed a wide variation of temperature at an ambient temperature of 23.5 to 24.0°C. Experiment 2: Diurnal (06:00-22:00) variation of rectal and body surface temperatures (Fig. 1) The rectum, ear and back skin of the mice showed similar daily rhythms in temperature. These sites, temperature averaged 1°C higher during the dark phase. On the other hand, the temperatures of tail and sole skin were lower compared with those of rectum, ear and back skin. In particular, sole skin showed a wide variation of temperature. The highest temperatures in rectum, ear and back skin were recorded at 22:00 in the dark phase, and the lowest body temperatures were recorded at 18:00 in all sites, at an ambient temperature of 23.1 to 24.1°C throughout this study.
Experiment 3: Day-to-day variation of rectal and body surface temperatures (Fig. 2) Mean rectal, ear and back skin temperature values were almost constant values in the range of 38.2 to 38.8°C, 37.2 to 37.6°C and 36.6 to 37.8°C, respectively. However, the tail and sole skin temperatures showed greater day-to-day variations at an ambient temperature that ranged from 22.5 to 24.5°C throughout this study.
Experiment 4: Ethanol-induced hypothermia (Fig. 3 ) Ethanol caused a fall in body temperature in all sites. In the first 5 min after i.p. administration, the ear temperature decreased more rapidly than rectum and back, but thereafter the mean ear temperature changes were similar to those of the rectum and back. So, close correlations were observed between the temperatures of the ear, back of the body surface and rectum. Ethanol at a dose of 4 g/kg i.p. led to a fall of 4.8, 4.7, 4.0, 3.5, 3.2 and 2°C in rectum, ear, back skin, tail skin and sole skin temperatures, respectively, over 30 min at an ambient temperature ranging from 23.0 to 23.5°C throughout this study.
The correlation of the temperatures of ear and back skin, when compared to the rectal temperature, were good (r=0.95 and 0.96, respectively, a total of 258 animals). On the other hand, the correlation of tail and sole skin temperatures, when compared to the rectal temperature, were lower (r=0.59, both sites, a total of 258 animals) than that of ear or back skin temperatures.
The use in this study of sixty animals for each site allows for greater confidence, and therefore the results obtained from this study will be used as baseline data for body temperature characteristics in B6C3F1 mice. Absolute differences in temperature were found between ear, back skin and rectum: ear and back temperatures were lower compared with rectal temperature, 1°C and 1-2°C, respectively. Considering that measurements taken with infrared thermometers are accurate when obtained from flat sites no smaller than 2 cm in diameter, middle of the back in mice meets these criteria for infrared radiometry. It is also well known that skin temperatures differ depending on the site and ambient temperature where it is measured [5, 9] . Skin temperature can be measured reliably at the mid-dorsal skin in mice using an infrared thermometer in a temperature-controlled animal room.
All mice used in the diurnal variation experiment showed a circadian pattern of rectal temperature similar to that reported by previous investigators [6, 8] . During the dark phase, measured temperatures at all sites were higher, which might have been caused by increased activity and metabolism during the night. Especially, both ear and back skin temperatures showed daily rhythms similar to that in rectal temperature, confirming the results reported by other authors using telemetry systems [4, 11] . As the individual values of sole and tail skin temperature varied widely, which probably resulted from technical deviation, we consider that these measurement sites are not suitable for toxicity studies. Sole and tail skin temperatures had wide variations in this study, which is consistent with previously published reports [10] . One of the striking points is the narrow temperature range seen in the ear and back skin over the 2-week period. Furthermore, high correlation of the temperatures of ear and back skin, when compared to the rectal temperature, were observed. Negative effects of human interaction on animal physiology are well known [1] , and generally introduce measurement error and variability into the data. Repeated insertion of rectal temperature probes can cause mucosal tears, leading to septicemia and death [2] . Our results show that both ear and back skin temperatures, measured via infrared thermometry, are useful indicators of core temperature in mice.
Acute administration of ethanol induces a well-recognized, dose-dependent hypothermia. At high dose (above 3 g/kg in mice), behavioral responses are greatly diminished due to the sedative properties of ethanol, and disruption of thermoregulation is obvious [3] . Ethanol-induced hypothermia findings in this study are consistent with previous reports in mice [3, 7] , and close correlations were observed between the temperatures of the ear, back of the body surface and rectum. Therefore, the technique using an infrared thermometer we describe is suitable for estimating body temperature in mice, and allows one operator to examine at least 5 animals per minute at cage-side. Our results are evidence that skin temperature can be measured rapidly, easily and reliably at the ear and center of the back in mice using an infrared thermometer.
